Objectives: Quality of care has been shown to vary depending on the time of day or day of the week and depending on caregivers' gender and experience. We aimed to study how these factors influence quality of antimicrobial prescribing.
Introduction
In-hospital prescribing of antimicrobial agents is inappropriate in up to 50% of cases and an important cause of rising antimicrobial resistance. [1] [2] [3] [4] Many hospitals therefore run antimicrobial stewardship programmes to improve their antimicrobial prescription quality. To improve the efficiency of these programmes and to improve understanding of antimicrobial misuse it is important to know which factors surrounding antimicrobial prescribing are associated with a lack of antimicrobial appropriateness. 1 Quality of hospital care has been shown to vary depending on the time of day. Hospital admissions at night-time are associated with higher mortality and more complications than during weekdays and office hours. [5] [6] [7] [8] Mortality and complication rates are higher, even for electively admitted patients, at weekends. [6] [7] [8] Working in shifts disturbs our circadian rhythm with its complex sleep regulation, leading to a detrimental decline in cognitive functioning. 9 Irrespective of sleep deprivation, our functional capacity is lowest between 02:00 and 07:00 and between 14:00 and 17:00. 10 A qualitative study on antimicrobial prescribing in hospitals suggested that physicians feel more pressure and make more errors when working after-hour shifts. 11 Antibiotic use has already been shown to be less appropriate on emergency wards at the weekend in comparison with weekdays. 12 Interestingly, a recent study showed that primary care physicians show 'decision fatigue' more often at the end of their shift, and this was reflected by a progressive decrease in clinicians' ability to resist prescribing antimicrobial treatment. 13 The authors hypothesized that due to the 'cumulative cognitive demand' of medical decision-making during the day, clinicians may gradually be less able to prescribe appropriately.
Medical residents are responsible for the majority of antimicrobial prescriptions in medical clinics, despite the fact that they are generally the least experienced members of staff. Generally, this responsibility is shared with a supervisor. 14 A study of the factors influencing the drug choices made by medical students and their teachers showed that final-year medical students rely more on their supervisors' opinion than on drug effectiveness, side effects and guidelines when making prescribing decisions. 15 It is thought that more prescribing experience leads to better prescriptions, but little is known about the influence of clinical experience on the appropriateness of antimicrobial prescribing in practice. 4, [15] [16] [17] As we generally assume that knowledge comes with experience, one would expect senior doctors to know more about antimicrobial drugs. A study on the relative experience of residents found no difference in their antimicrobial knowledge scores, 3 a possible reason for this being the more recent education on the topic enjoyed by the younger residents. However, the knowledge test may have ignored the more practical or pragmatic knowledge of experienced doctors, which may be a better predictor of good prescribing. For instance, experienced physicians are probably more capable of finding relevant information and have better knowledge of when to consult an antimicrobial expert like a clinical microbiologist or an infectious disease (ID) specialist. Finally, the sex of the prescriber could also be a factor in determining antimicrobial appropriateness, as some studies show that better adherence to guidelines, and direct patient outcomes such as decreased mortality, are associated with female physicians. [18] [19] [20] [21] [22] The factors mentioned above can potentially influence antimicrobial appropriateness and knowledge of these relationships can guide antimicrobial stewardship programme efforts. We investigated a number of factors associated with appropriateness of antimicrobial prescribing: the time of day the prescription is written, the prescribers' clinical experience and gender, and ID expert consultation. We performed prospective point-prevalence surveys of antimicrobial appropriateness on all clinical wards in a tertiary care hospital in the Netherlands to measure the associations of these factors with antimicrobial appropriateness.
Methods

Study design
Prospective repeated point-prevalence surveys of antimicrobial appropriateness.
Ethics
There was no active patient involvement. We used patient data collected for regular care. The hospital medical ethical review committee approved the study (reference 2011/315).
Collection of antimicrobial prescriptions
We performed seven point-prevalence surveys of antimicrobial appropriateness between October 2011 and September 2012 on all clinical wards of a 700-bed tertiary care hospital in Amsterdam, including paediatric and ICU wards. Dutch hospitals run a different employment system for pharmacists than many other countries do, as they do not monitor or advise on choice or duration of antimicrobial therapy, and their role in antimicrobial dosing is often limited to therapeutic drug monitoring and adjustments to renal function. At the time of the study, there were no ongoing antimicrobial stewardship interventions, except for a list of restricted antimicrobials requiring pre-authorization by an ID expert. Surveys were performed without advance notice every two months on a weekday. All admitted patients with an active antimicrobial prescription at 00:00 on the day of the survey were included. No surveys took place on Mondays, as we feared it would lead to a different indication mix, e.g. less surgical prophylaxis taking the weekend into account. A research physician or medical student performed all surveys. Prescriptions older than 72 h at the time of inclusion were excluded to minimize the influence of later events (e.g. availability of culture results) and to minimize recall bias. Information on patient cases was extracted from electronic and paper medical records and completed with information from a discussion with the ward physician.
Determination of appropriateness
We defined appropriate antimicrobial therapy as prescription of an antimicrobial agent satisfying any one of the following three conditions on the day of the survey: (i) it followed relevant guidelines; (ii) it deviated from the relevant guidelines but rational arguments for deviation were documented in the patient file or supplied by the ward physician; and (iii) there was no relevant guideline but the prescription was considered a rational choice. A rational choice was defined as an effective antimicrobial drug covering relevant pathogens without an excessively broad antimicrobial spectrum, long duration, high or low dosage or incorrect route of administration (e.g. omission to switch to oral therapy if adequate or possible). An ID specialist (internist) judged all adult prescriptions and an ID paediatrician judged all paediatric prescriptions. These specialists were blinded for prescription time, prescriber characteristics and any advice from other ID physicians. We judged each prescription for appropriateness of indication, antimicrobial choice, dosage, administration route and duration. 23 If one of the above factors was determined inappropriate the prescription was coded as inappropriate. Prescriptions lacking in information (e.g. prescribed by general practitioner so indication unknown) and thus preventing good judgement were excluded from analysis. This method has an acceptable validity and reliability for prescriptions for adult patients. 24 
Prescription factors
Prescription times were derived from the electronic prescribing system. We constructed a time of prescription variable comprising three categories: morning (08:00-12:59), afternoon (13:00-18:59) and evening-night (19:00-07:59). The morning category included the extra hour after noon because we assumed that most physicians would take lunch around 13:00. Although evening shifts start at 17:00, the evening shift in this timeline started at 19:00 because in our experience physicians working on the day shift are often still present until that time. Additionally, we created a dichotomous office hours variable comprising the category 'office hours' (09:00-18:59 on weekdays, excluding national holidays) and the category 'non-office hours' (including all other prescriptions). We assembled information on physicians' clinical experience and gender during contact with the ward physician. The starting point for experience was considered to be the date of first clinical work. Clinical experience was divided into inexperienced (,1 year experience) and experienced (.1 year experience) because we expected the learning curve to be steepest during the first year. Finally, we also asked the ward physician whether an ID expert (clinical microbiologist or ID specialist) had been consulted at the time of prescribing.
Statistical analysis
We used logistic regression analysis to examine the influence of all prescription factors on the antimicrobial appropriateness variable while controlling for clustering within the data (e.g. physicians within one department
The 'morning dip' in antimicrobial appropriateness JAC prescribe more similarly compared with physicians in different departments). We used multiple imputation to account for missing data. 25 We reported the results of a complete case analysis as a sensitivity analysis. 26 Both crude and adjusted OR were reported, with ORs .1 representing higher odds of prescribing an appropriate antimicrobial agent. The significance level was 0.05 (two-sided).
We assessed whether ID expert consultation served as a mediating variable for each other prescription factor by adding this variable to each statistical model. When this addition resulted in a reduction of the original effect, we concluded that mediation was present. 27, 28 Effect reductions were expressed as percentages, and in the absence of any guiding literature, we arbitrarily considered percentages above 20% to be relevant. We controlled for potential confounding using a forward stepwise procedure to determine each adjusted model. All prescription factors and a dichotomous variable indicating prescriber specialty (surgical versus medical or ICU) were considered, excluding ID expert consultation in cases in which a mediation effect of this variable was demonstrated. We used R statistical software, version 3.2.3 for all analyses (R Development Core Team).
Post hoc survey
The above study was followed up by a short online survey about our results among residents and specialists of the two most frequently prescribing surgical specialties, the most frequently prescribing medical specialty and clinical microbiology. 
Results
Prescriptions and patients
We included 351 antimicrobial prescriptions prescribed by 150 physicians for 276 patients. The complete inclusion procedure is shown in Figure 1 . The median number of prescriptions per physician was 2 (range 1-11). The antimicrobial agent was prescribed less than 24 h previously in 54% of cases, between 24 and 48 h previously in 30% of cases and between 48 and 72 h previously in 16% of cases. The three most frequently prescribed antimicrobial agents were amoxicillin/clavulanate (19%), ceftriaxone (13%) and vancomycin (7%). Overall appropriateness was 65%. We included only 25 specialist prescriptions so no separate specialist category was made.
Association between prescription factors and appropriateness
Antimicrobial prescribing in the morning proved significantly less appropriate than in the afternoon and evening/night. Physicians consulting an ID expert prescribed more appropriately, as did more experienced physicians. The latter effect included a 24% mediation effect of expert consultation (Table 1) . Physician specialty, which was used as potential confounder for these associations, was also related to appropriateness [medical specialty Table 2 shows the number of complete cases and the results of the complete case analysis.
Sensitivity analysis
Post hoc survey contents and participation
The survey focused on the associations of time of day and experience with appropriateness. A strict order of questioning was enforced to ensure that participants could not go back and forth between questions to prevent influence of later questions in the survey. Initially, the survey queried respondents' expectations of these associations, after which results were revealed and the survey continued with open-ended questions about possible explanations for the results. Finally, respondents were asked to judge the plausibility of explanations formed by the research team. We invited 195 physicians with four specialties to participate. After one email reminder, 66 physicians opened the survey, 61 of whom completed the survey (31% response rate). Respondents who did not complete the survey were excluded. During the theme identification process of the open-ended questions, two independently identified themes were mentioned by fewer than 10% of the participants and were consequently excluded from the final theme list.
Post hoc survey results
The majority of respondents (98%) did not expect appropriateness to be worse in the morning than at other times of the day. After revealing that appropriateness was lowest during mornings, theme analysis showed the most prevalent explanations for these results were the morning rush, reduced support from consulting specialties and supervisors, and reduced availability of diagnostic results during this period. Suggestions to improve prescribing in the morning focused on improvement of antimicrobial prescribing overall (e.g. the improvement of guidelines, education), an increase in time available to prescribe, a reduction in unsupervised prescribing and an improvement in the speed at which microbiological results and advice are made available. When asked to react to the association between reduced appropriateness and inexperience, the predominant indication given by respondents was lack of practical knowledge. Complete results of the survey are presented in Tables S1 to S3.
Discussion
In this prospective observational study, we found that appropriateness of antimicrobial prescribing was significantly lower in the morning than in the afternoon or evening/night. Consultation with an ID expert increased the appropriateness. Experienced physicians performed significantly better than their less experienced colleagues, which may partially be explained by the increased ID expert consultation. We found no significant effects regarding gender or office hours versus non-office hours. The follow-up survey of work-floor physicians showed that the 'morning dip' was an unexpected finding. When confronted with our results, most physicians suggested that prescribing in the morning is less ideal owing to the morning rush, reduced access to diagnostic results and reduced presence of supervisors or consulting specialties. Suggestions to improve morning prescribing included a reduction The 'morning dip' in antimicrobial appropriateness JAC of workload and integration of a prescribing moment into the ward round routines. When asked to explain why inexperience leads to lower appropriateness, a lack of practical skills was offered as a plausible explanation. Improved education in the field of antimicrobial prescribing was recommended.
Our research uniquely combined a primary quantitative analysis with a follow-up survey including qualitative data, allowing direct reflection on our results by the study population. Other study strengths include the duration of one year that minimized seasonal effects, and its unique combination of assembled prescription factors that enabled assessing the mediating effect of ID expert consultation. The main study limitations included a lower inclusion rate than expected owing to a more uneven distribution within groups and use of a subjective primary outcome. However, the specific method of measuring appropriateness used has been shown to have good validity and inter-rater agreement. 24 The specialist who determined the appropriateness could not be blinded for knowledge about ID expert consultation in all cases, which left some room for bias. The study was single centre so results may be context specific. Our list of factors was not exhaustive-other factors not measured may also be important. Finally, prescriptions were included when present at midnight, so antimicrobials prescribed just after midnight were exposed to more time in which the circumstances could possibly change (e.g. culture results become available) than antimicrobials prescribed just before midnight. On the other hand, the prescriber or supervisor had more time in which to correct any mistakes.
Our study is the first to show a 'morning dip' in antimicrobial prescribing when compared with the rest of the day, despite a higher rate of ID expert consultation. The result was unexpected and in contradiction with previous literature on quality of care during non-office hours, [6] [7] [8] 12, 29 and contrasted with a previous study describing decision fatigue in primary care prescribing for respiratory infections. 13 However, in a qualitative study on antimicrobial prescribing, morning ward rounds were described as 'fraught, . . .with little time for note making'. 11 Communication during ward rounds has been shown to often be interrupted which can disrupt clinical activities. 30 Environmental factors such as heavy workloads are well-known contributors to prescribing errors. 31 Moreover, it has been shown that many prescribing errors in hospitals result from attention lapses which are partially attributable to frequent interruptions and heavy workloads. 16 Our follow-up survey results corroborate these findings, with one resident stating: 'There may be more time in the afternoon and night to consider patient policies, due to the morning chaos/ward rounds'. The overriding conclusion may be that due to busy ward rounds and reduced supervisory support and advice from other specialties, the already difficult job of appropriate antimicrobial prescribing in hospitals is significantly harder in the morning.
First-year residents prescribe less appropriately than their more experienced colleagues do. Education in antimicrobial prescribing is suggested by many physicians as a means to improve prescribing by junior doctors, including those working in antimicrobial stewardship. 1, 16, 32 However, results of our research and previous studies emphasize the importance of a significant focus on practical knowledge during such education programmes, rather than only a pharmacological focus. 31 For instance, our survey results suggest that junior doctors feel unprepared regarding use of guidelines, and that they lack knowledge of common dosing schemes and use of intravenous catheters. Physicians with poor practical knowledge may underperform as their common tasks take more time leaving less time for medical decision-making. Sikkens et al.
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ID expert consultation is associated with higher appropriateness, and its mediating effect on the relationship of experience to appropriateness suggests that experienced physicians use these consultations more often. It can be hypothesized that knowing when and how to ask for help is an essential part of the practical knowledge of prescribing.
Survey recommendations to improve antimicrobial prescribing in the morning mainly focus on improving the physicians' prescribing environment, while recommendations to help inexperienced physicians often suggest education on how to handle this environment. A logical next step would be to combine these two suggestions. As an example, we suggest hospital stewardship programmes could analyse the prescribing environment of a clinical ward, especially during morning activities in order to identify and possibly remove any barriers to good prescribing. Any barriers that cannot be removed can then be attended to in an introductory course for new physicians. Although the 'morning dip' in our study was not caused by too little ID expert consultation, more consultations would probably be advantageous as well. Other suggestions in the survey focus on supervisory support, suggesting delaying prescribing until a supervisor is available for support. However, this may be problematic in the case of acute problems, as supervisors are not always availableespecially surgeons. 11 Increasing supervisory efforts seems a worthy goal but would probably also increase costs or decrease productivity elsewhere.
Conclusions
In this prospective hospital-wide study, we found a surprising and unexpected 'morning dip' in appropriateness of antimicrobial prescribing compared with the rest of the day. Inexperienced physicians also prescribed less appropriately than their more experienced colleagues. Our follow-up qualitative survey showed that work-floor physicians relate these findings to a suboptimal prescribing environment, especially during ward rounds, and they suggest improving this environment and improving supervisory support and education of physicians in antimicrobial prescribing and stewardship.
